Phytoplasmas are minute, wall-less bacteria that cause diseases in hundreds of plant species belonging to dozens of families, both angiosperms and gymnosperms. Many phytoplasmas cause economically damaging crop diseases, and some threaten natural ecosystems [1] [2] [3] . These cellular pathogens had for decades been mistakenly presumed to be viruses prior to the discovery of phytoplasmas (formerly mycoplasma-like organisms, MLOs) in the mid-1960s [4, 5] . As transkingdom parasites, phytoplasmas are transmitted from plant host to plant host by phloem-feeding insects, in the bodies of which they multiply, and are residents of phloem tissue, principally sieve cells, to which they are restricted in infected plants. Unlike many walled bacteria, phytoplasmas have not been convincingly isolated in axenic culture. Claims of axenic culture have been published since the early 1970s, but as previously noted, all lack independent confirmation [6] . Inability to isolate phytoplasmas in pure culture may be explained by their evolutionarily reduced genomes, since multiple metabolic capabilities were lost during adaptations to obligately parasitic life styles [3, [7] [8] [9] . In contrast to some other wall-less bacteria, including non-plant-pathogenic spiroplasmas, no phytoplasma has ever been found to live outside of a living host plant or insect in nature.
In spite of the difficulty of obtaining pure cultures of phytoplasmas, several phytoplasma genomes have been completely sequenced [3] ; prophage-based genomic islands (sequence variable mosaics, SVMs) were discovered [10] [11] [12] ; a new protein domain (pfam12113: SVM_signal) has been recognized (www.ncbi.nlm.nih.gov/Structure/cdd/ cddsrv.cgi?uid=pfam12113); and mechanisms of phytoplasma pathogenicity are being elucidated [13] [14] [15] [16] . Because phytoplasmas have not been isolated reliably in pure culture, many properties useful for distinguishing and describing species of culturable bacteria remain elusive. Fortunately, genotypic studies have advanced phytoplasma classification and taxonomy. A group/subgroup classification system is based on RFLP analysis of 16S rRNA gene sequences [17] [18] [19] , and over 40 'Candidatus Phytoplasma' taxa have been formally described, based principally on differences in nucleotide sequences of 16S rRNA genes (Table 1) [20, 21] . Based on current knowledge, several additional 'Ca. Phytoplasma' taxa could be described; the loofah witches' broom (LfWB) phytoplasma represents one example [17] .
Loofah squash [Luffa aegyptica Mill., syn. Luffa cylindrica (L.) M.J. Roem.: Default Cucurbitaceae], also known as luffa gourd, dishrag gourd or sponge gourd, is grown in regions of Asia, Africa and the Americas. The fruit is valued as a food for human consumption and as the source of its fibrous interior that is used as a type of household scrubbing or bathing sponge [22, 23] . In 1974, a witches' broom disease of loofah was reported in Taiwan [24] . Electron microscopy of diseased plant tissues revealed the presence of phytoplasma cells (previously mycoplasma-like bodies) in the phloem of symptomatic plants [25] . In 1986, Yang reported transmission of the pathogen from loofah to Madagascar periwinkle [Catharanthus roseus (L.) G. Don] by means of the parasitic plant, dodder (Cuscuta chinensis Lam.) [26] ; this advance facilitated the production of materials for much of the experimental work that followed. In 1998, Kuan and Su reported that probes consisting of cloned DNA from LfWB-infected plants hybridized with DNA from LfWB-phytoplasma-infected periwinkle and loofah, but not with DNA extracted from plants separately infected by elm yellows, red bird cactus, peanut witches' broom, paulownia witches' broom, Ipomoea obscura witches' broom, aster yellows or sweet potato witches' broom phytoplasmas [27] . The results indicated usefulness of the probes for specific detection and identification of the phytoplasma, and supported the concept that LfWB phytoplasma was distinct from the other phytoplasmas tested. Enzymic RFLP analysis of the PCR-amplified 16S rRNA gene placed the LfWB phytoplasma in group 16SrVIII, subgroup A (16SrVIII-A) [28] . In 2007, a different phytoplasma was reported from witches' broom-diseased loofah in Brazil; that phytoplasma was affiliated with group 16SrIII, the 'Candidatus Phytoplasma pruni' group (Prunus X-disease group) [29] . In 2010, Kumar et al. reported the association of a group 16SrI (aster yellows group, 'Ca. Phytoplasma asteris'-related) phytoplasma with a little leaf disease of loofah in India [30] . Thus, to date, the phytoplasmas associated with disease in loofah represent three mutually distinct species-level lineages, viz., 'Ca. Phytoplasma asteris', 'Ca. Phytoplasma pruni', and a group 16SrVIII lineage represented by the loofah witches' broom (LfWB) phytoplasma originally found in Taiwan. The name 'Ca. Phytoplasma luffae' has been informally suggested for LfWB phytoplasma in an incidental citation [20] , but no formal description of the taxon has appeared prior to the present communication.
Nucleotide sequences of genes from phytoplasmas in this study were obtained from the GenBank database (www. ncbi.nlm.nih.gov/) ( Table 1) . Virtual RFLP analysis of nucleotide sequences and determination of 16Sr group and subgroup affiliations were performed using iPhyClassifier at (http://plantpathology.ba.ars.usda.gov/cgi-bin/resource/ iphyclassifier.cgi) [17, 31] . Phylogenetic analyses and nucleotide sequence alignments were performed using CLUSTAL in the MEGA6 software [32] and CLUSTAL version 5 from the LaserGene MEGALIGN program (DNASTAR). Oligonucleotide sequences of unique regions in the 16S rRNA gene of 'Ca. Phytoplasma luffae' were selected such that they were identical in both rRNA operons of the reference strain, LfWB R .
Results from analyses of the LfWB phytoplasma 16S rRNA gene sequences, by iPhyClassifier virtual RFLP analysis and calculations of similarity coefficients, were in agreement with previous findings that placed the LfWB phytoplasma in group 16SrVIII, subgroup A (16SrVIII-A) (Fig. 1) [28, 33] . A phylogenetic tree was reconstructed based on analysis of 16S rRNA gene sequences from all previously described 'Ca. Phytoplasma' taxa, Acholeplasma palmae and phytoplasma strain LfWB R (Table 1) . Strain LfWB R formed a well-supported branch distinct from those of previously described 'Ca. Phytoplasma' taxa (Fig. 2) .
NOVEL 'CANDIDATUS PHYTOPLASMA' TAXON
The 16S rRNA genes (GenBank accession nos AF248956 and AF393090) of strain LfWB R shared less than 97.5 % nucleotide sequence identity with corresponding fragments of the 16S rRNA genes from all previously described 'Ca. Phytoplasma' taxa. According to international guidelines [20] , the level of 16S rRNA gene sequence identity with previously designated 'Ca. Phytoplasma' taxa justifies designation of strain LfWB R as a representative of a novel, distinct 'Candidatus Phytoplasma' taxon. We therefore propose that strain LfWB R be designated the representative of a novel, distinct 'Candidatus' taxon, 'Candidatus Phytoplasma luffae'.
DESCRIPTION OF 'CANDIDATUS PHYTOPLASMA LUFFAE'
'Candidatus Phytoplasma luffae' (luf¢fae. L. gen. n. luffae of a loofah gourd, from the genus Luffa). 
LfWB

INTEROPERON SEQUENCE HETEROGENEITY IN THE 16S-23S RRNA SPACER REGION
Whereas phytoplasmal rRNA interoperon sequence heterogeneity has been previously reported in the 16S rRNA gene ( [34] and references cited therein), interoperon sequence heterogeneity in 'Ca. Phytoplasma luffae' manifests in the 16S-23S rRNA spacer region. Thus, 'Ca. Phytoplasma luffae' was distinguished from previously named 'Candidatus Phytoplasma' taxa by the presence of a complete tRNA-Ile LOOFAH rrnB (AF353090) American Phytopathological Society, Salt Lake City, UT, USA.
Nucleotide sequence alignments of 'Ca. Phytoplasma luffae' LfWB R GenBank accession numbers AF248956 (rrnA) and AF353090 (rrnB) revealed 53 base deletions in rrnB compared with rrnA. LFWB nucleotide sequences AF248956 and AF393090 were in good agreement with LfWB sequences AF086621 and AF336928 described by Ho et al. [35] . Alignment of the LfWB rrnA and rrnB sequences revealed that all 53 base deletions occurred in the 16S-23S rRNA intergenic spacer region of rrnB (Fig. 3) . However, while we agree with Ho et al. [35] that the spacer region of the LfWB rrnB lacks a (functional) tRNA gene, we found that the tRNA gene is not missing entirely, but has been disrupted by deletions and is present as a nonfunctional remnant.
Although the 16S rRNA genes and the 5¢-ends of the 23S rRNA genes were identical in rrnA and rrnB, operon rrnB was characterized by 43 base deletions in the tRNA-Ile gene and a single base substitution the TyC loop, and by a 10-base deletion in the 16S-23S rRNA intergenic spacer region immediately upstream of the tRNA-Ile gene (Fig. 3) . The tRNA-Ile encoded by rrnA exhibited secondary structure typical of tRNA molecules, including an acceptor stem terminated by CCA at the 3¢-terminus, and D, TyC and anticodon loops as well as a variable loop (Fig. 4) . The base deletions in rrnB removed the anticodon and destroyed base pairing in all arms of the tRNA (Fig. 4) .
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